The application of fluorescein isothiocyanate (FITC) onto the skin of mice induces a contact hypersensitivity immune response. Lymph nodes draining the skin painted with FITC contain fluorescent cells that induce contact hypersensitivity to FITC when injected into normal mice. The antigenpresenting cells responsible for activating the effector pathway of the contact hypersensitivity response express Ia histocompatibility determinants and are resistant to inactivation with y-radiation. Exposing the skin to low doses of UV radiation (280-320 nm) before the application of FITC suppresses the contact hypersensitivity response to FITC. Cells present in the draining lymph nodes of these mice induce suppressor T lymphocytes when injected into normal recipients. The inducer cells in the draining lymph nodes are Thy iai-and are inactivated by v-radiation. These studies demonstrate that different mechanisms are involved in the in vivo activation of effector and suppressor immune responses, and they suggest that the mode of initial antigen presentation determines which immunologic circuit will be activated in response to a contactsensitizing antigen. (DLN). These cells were extremely efficient in inducing CHS to fluorescein upon injection into a normal mouse. We used this approach to determine whether prior exposure of the skin to UV radiation would alter the activity of antigen-presenting cells found in the DLN after sensitization with FITC and, if so, whether these cells could activate the suppressor cell circuit. We found that cells from the DLN of UV-irradiated mice exhibited suppressor-inducing activity and that these cells differed from the antigen-presenting cells that induce CHS and are present in the DLN of unirradiated mice. Our studies indicate that activation of the effector and suppressor circuits of the immune response in vivo involves two distinct mechanisms, and our studies provide a system that can be used to define the cellular and molecular requirements for inducing the suppressor circuit in vivo.
draining lymph nodes of these mice induce suppressor T lymphocytes when injected into normal recipients. The inducer cells in the draining lymph nodes are Thy iai-and are inactivated by v-radiation. These studies demonstrate that different mechanisms are involved in the in vivo activation of effector and suppressor immune responses, and they suggest that the mode of initial antigen presentation determines which immunologic circuit will be activated in response to a contactsensitizing antigen.
A question of fundamental importance in immunology is
What determines whether the effector or the suppressor circuit of the immune response will be activated in response to an antigenic stimulus? Although there is much information available on the cellular and molecular requirements for activation of the effector pathway, relatively little is known about the mechanisms involved in activation of the suppressor T-lymphocyte circuit. We are addressing this problem in an in vivo model of contact hypersensitivity (CHS) in the mouse, in which exposure of the skin to low doses of UV radiation prior to application of a contact sensitizer shifts the immune response from the effector to the suppressor pathway.
Toews et al. (1) have demonstrated that applying a contactsensitizing hapten, dinitrofluorobenzene, to the skin of C57BL/6 mice previously exposed to a low dose of UV radiation resulted in the development of specific immunologic tolerance rather than CHS. The induction of tolerance correlated with the induction of suppressor T lymphocytes in the spleen (2) and a decreased number and altered morphology of Langerhans cells in the UV-irradiated epidermis (1) . Langerhans cells are thought to be cutaneous antigenpresenting cells that initiate CHS by presenting the hapten, in association with class II histocompatibility determinants, to helper T lymphocytes thereby activating the effector pathway (3) . Therefore, it was hypothesized that a UV-induced impairment in the function of epidermal Langerhans cells somehow activated the T-suppressor circuit, instead of the effector pathway (1) . Circumstantial evidence suggests that the interaction between the Langerhans cell and the responding T lymphocyte may occur in lymph nodes draining the site of epicutaneous sensitization (4, 5) . Thomas MATERIALS AND METHODS Mice. C3H/HeN (mammary tumor virus negative) female mice were obtained from the specific pathogen-free colony of the Charles River Breeding Laboratories. For each experiment, age-matched mice between 10 and 12 weeks of age were used. The mice were maintained in filter-protected cages and given National Institutes of Health open-formula mouse chow and water ad libitum. Ambient lighting was controlled to provide 12-hour light-dark cycles.
Irradiation. Mice sedated with methoxyfluorane (PitmanMoore, Washington Crossing, NJ) were placed in the supine position with only their abdominal skin exposed. The razorshaved abdominal skin was treated with UV radiation from a bank of six unfiltered FS40 sunlamps (Westinghouse, Bloomfield, NJ). About 75% of the energy emitted by these lamps falls within the UVB range (UV radiation, 280-320 nm). Mice were exposed to UVB daily for 4 consecutive days, for 20 or 60 sec each day. The dose of UVB radiation received by the mice during one exposure was t80 or 240 J/m2, respectively. Control mice were shaved and anesthetized in the same manner but were not exposed to UV radiation.
Enumeration of ATPase' and Thy-1 Epidermal Cells. Abdominal skin was removed from the mice, and the connective tissue was scraped off with a scalpel. The skin was incubated in a phosphate-buffered saline (PBS)/EDTA solul tion (1) at 370C for 3 hr. ATPase was detected using the method of Mackenzie were washed twice with RPMI 1640, resuspended in a 1:8 dilution of rabbit complement (Pel-Freez), and then incubated at 370C for 60 min. After incubation, the cells were washed twice, counted, and injected into recipient mice.
RESULTS
Effect of Prior UV-Irradiation on CHS to FITC. It was first necessary to establish that UV irradiation would suppress CHS to FITC in C3H mice. As shown in Table 1 , the CHS reaction to FITC painted on UV-irradiated skin was lower than that in unirradiated mice. Furthermore, the amount of suppression increased with the dose of UVB radiation administered. The CHS response to FITC in normal mice was low, as noted (6, 8) . However, the response of sensitized mice was significantly greater than that of unsensitized animals, and the suppression by UV radiation was highly reproducible. The decreased CHS response if UV-irradiated mice correlated with a decrease in the number of ATPase' Langerhans cells in the irradiated skin, in agreement with reports (1, 9). We found no change in the number or morphologic appearance of Thy-l+ dendritic epidermal cells (Table 2 ). These are also bone marrow-derived cells that form a network throughout murine epidermis (10, 11) . Activity of DLN Cells. Next, we tested whether suppression of the CHS response to FITC in UV-irradiated mice was associated with an alteration in the antigen-presenting activity of cells in the DLN. Cells from the DLN were collected from UV-irradiated and control mice 18 To determine whether the lack of response in the recipient mice could be due to a decrease in the amount of FITC bouhd to the injected cells or to a decrease in the number of cells binding FITC in the DLN of UV-irradiated mice, the DLN cell suspensions from UV-irradiated and control mice were examined with a fluorescence-activated cell sorter. No decrease could be detected in the percentage offluorescent cells or amount of fluorescein bound in the DLN preparation from UV-irradiated mice (data not shown). Therefore, we tested whether a negative (tolerogenic) signal had been given by the DLN cells from UV-irradiated mice, rather than no signal. To test for the presence of specific immunologic tolerance, all groups of recipient mice plus appropriate positive and negative control groups were sensitized by epicutaneous painting with FITC or the noncrossreacting hapten oxazolone (OX). As is illustrated in Table 4 , mice injected with DLN cells from UV-irradiated donors and then resensitized with FITC by epicutaneous painting (group 4) showed a significantly lower CHS response than mice that received no DLN cells and only epicutaneous sensitization with FITC (group 2). Mice injected with DLN cells from unirradiated donors and then resensitized by skin painting (group 3) showed an augmented CHS response. The responses of all groups to epicutaneous sensitization with OX were indistinguishable, indicating that both the decreased response of group 4 and the augmented response of group 3 were specific for FITC. This experiment demonstrates that specific immunologic tolerance was induced by injecting cells from the DLN of UV-irradiated, FITC-sensitized mice into normal recipients.
Transfer of Unresponsiveness with Spleen Cells. To examine whether tolerance was associated with the presence of suppressor T lymphocytes, 108 spleen cells from hyporesponsive mice were injected i.v. into normal mice, which were then sensitized by epicutaneous application of FITC (Table  5 ). Spleen cells from mice injected 6 In contrast, this treatment had no effect on the ability of DLN cells from UV-irradiated mice (group 5) to induce tolerance, implying that these cells were la-. In a similar experiment, the ability of DLN cells from unirradiated mice to induce CHS was unaffected by treatment with anti-Thy 1.2 antibody *P < 0.001 versus group 2; tP < 0.001 versus group 8.
and complement (Table 8) . Following treatment with antiThy 1.2 antibody and C, DLN cells from UV-irradiated, FITC-sensitized mice neither induced CHS nor suppressor cells to FITC, indicating that the suppression-inducing cell is Thy 1+ (Table 8) .
DISCUSSION
These studies confirm that the DLN of mice sensitized by epicutaneous application of FITC contain cells that are highly effective in inducing CHS when injected into normal animals (6, 8 Our studies demonstrate that UV irradiation of the skin has a profound effect on the composition and activity of cells in the DLN. These cells were no longer capable of inducing CHS in recipient mice; instead, they induced suppressor T lymphocytes. This finding is consistent with a preliminary report that DLN cells from UV-irradiated, dinitrofluorobenzene-sensitized C3H mice induced hyporesponsiveness to dinitrofluorobenzene in recipient mice (15) . We also show that the cells involved in activating the suppressor circuit differed from the Ia' cells that induce CHS, in that they were Ia-,Thy 1+ and were inactivated by exposure to 2000 rad. The suppressor-inducing cells could have been Thy-1+ antigen-presenting cells that specifically activated cells of the suppressor circuit; alternatively, they could have been precursors of FITC-specific suppressor T lymphocytes that UV-irradiated or unirradiated, FITC-sensitized mice were treated with anti-Thy 1.2 antibody and complement (C) or C alone and injected into the footpads of normal mice. The recipients were challenged on the ears on day 5 (experiment A) and on day 6, their spleen cells were transferred to normal mice. The spleen cell recipients were sensitized immediately with FITC epicutaneously and challenged 5 days later (experiment B). *P < 0.001 versus FITC group; tp < 0.01 versus FITC group. proliferated and matured into suppressor cells in the recipient animals.
Evidence for cells within murine epidermis that exhibit similar suppressor-inducing activity was provided (16, 17) . Granstein (16) demonstrated that UV irradiation of suspensions of epidermal cells, coupled in vitro with azobenzene arsonate, eliminated their ability to induce delayed hypersensitivity upon s.c. injection into normal mice, instead causing them to induce suppressor cells. Treatment of the epidermal cells with anti-I-J antibody and complement before UV irradiation eliminated their ability to induce suppression. Sullivan et al. (17) showed that purified Thy-i+ murine epidermal cells, coupled to trinitrophenyl in vitro, induce specific tolerance when injected i.v. into mice, whereas trinitrophenyl-coupled Ia' epidermal cells induce CHS. The relationship between the Thy-1+ and I-J+ epidermal suppression-inducing cells is not known, nor is it yet clear whether either of these cells is related to the suppressor-inducing cells we find in the DLN of UV-irradiated mice. Because the Thy-1+ dendritic epidermal cells appear morphologically to be unaffected following UV irradiation of intact skin, whereas Langerhans cells are damaged and reduced in number, it is possible that the Thy-1+ dendritic epidermal cells are the progenitors of the Thy-1+ suppressor-inducing DLN cells. However, additional studies on the phenotype and migration pattern of these DLN cells are required to confirm this possibility.
It should be emphasized that although the suppressioninducing cells have been viewed (16, 17) as antigen-presenting cells, it is equally possible that they represent precursors of suppressor T cells. If they are indeed presuppressor cells, the results (16, 17) on epidermal cells and ours (this report) on DLN cells would imply that the suppressor circuit may be activated by direct contact with antigen, rather than by interaction with antigen bound to an antigen-presenting cell. This possibility is quite interesting in view of the report by Siliciano et al. (18) that certain FITC-specific human Tlymphocyte clones can bind FITC directly, without the participation of an antigen-presenting cell.
In either case, our studies provide direct evidence that the activation of effector and suppressor circuits in vivo involves two different mechanisms. Although studies on epidermal (16, 17) and spleen cells (19) demonstrated that these organs contain a distinct subset of cells that can activate the suppressor pathway when chemically coupled with antigen in vitro, our study demonstrates that such cells are actually present in the DLN following epicutaneous administration of antigen and correlate with the induction of antigen-specific suppressor T lymphocytes resulting from epicutaneous sensitization. The isolation and identification of these cells should lead to new insights into the mechanism of activation of the suppressor circuit in vivo.
